Gold, a long-grain variety known for its distinctive gold hull and nutty flavor. Carolina 1 0 2
Gold was the dominant variety grown in colonial America and is a breeding ancestor of 1 0 3 modern US varieties [25] . Genotyping and draft genome sequencing confirmed it to be in 1 0 4 the tropical Japonica clade [26, 27] , but have not been sufficient to resolve loci associated 1 0 5 with important disease resistance phenotypes in this variety, such as Xo1. Xo1 protects 1 0 6 against two important bacterial diseases, bacterial leaf streak (BLS) and bacterial blight 1 0 7 (BB), caused by Xanthomonas oryzae pv. oryzicola (Xoc) and X. oryzae pv. oryzae segregates as a single dominant locus [24] . Though the molecular mechanism is not yet 1 1 0 known, Xo1 resistance is elicited by any of the several targeted host gene activators, Xoo; elicitation of resistance does not require the C-terminal TAL effector activation 1 1 3 domain, and it is suppressed by N-and C-terminally truncated versions of TAL effectors 1 1 4 6 (truncTALEs; also called iTALEs) found in most Asian strains of the pathogen but 1 1 5 missing from examined African strains [24, 28, 29] . The Xo1 locus overlaps several 1 1 6 mapped loci for resistance to BB, including Xa1, Xa2, Xa12, Xa14, Xa17, Xa31(t) , and 1 1 7
Xa38, that have been isolated from various rice cultivars [30] [31] [32] [33] [34] [35] [36] [37] . Of these, Xa1 has been uniquely highly conserved, tandem repeats in the LRR region [39] . Xa1 functions 1 2 0 similarly to Xo1-mediated resistance, triggered by TAL effectors non-specifically and 1 2 1 independent of their ability to activate transcription, and suppressed by truncTALEs [28] . Xo1 and Xa1 are together the second discovered example of activation domain-1 2 3 independent TAL effector-triggered resistance, the first being resistance mediated by the 1 2 4 tomato Bs4 protein, also an NLR protein, though of the TIR domain type and so far not 1 2 5 reported to be suppressed by any truncTALE [40] . Based on the functional similarity of Xo1 to Xa1, and to Bs4, and the fact that the 1 2 7 region corresponding to the Xo1 locus in the rice reference genome (IRGSP-1.0; cv. Nipponbare, which lacks the BLS and BB resistance) [41] contains a complex cluster of 1 2 9 seven NLR genes similar to each other (suggesting the potential for rapid evolution), we 1 3 0 hypothesized that Xo1-mediated resistance in Carolina Gold Select is conferred by an 1 3 1 NLR gene at the Xo1 locus. The Carolina Gold Select genome assembly revealed 1 3 2 fourteen such genes at the locus, including a candidate highly similar but not identical to To generate an assembly made up of large contigs with low error-rate, several 1 4 3 assembly methods were used. We found that assembly by Flye [42] using only Nanopore both Illumina and Nanopore reads contained more sequence and had a very low 1 4 6 consensus error rate, less than 1 error per 10,000 bases. Combining the two assemblies 1 4 7 resulted in a reconciled Carolina Gold Select assembly that benefited from both the 1 4 8 higher quality consensus sequence and completeness of the MaSuRCA assembly, and the 1 4 9 greater contiguity of the Flye assembly. Table 1 lists the quantitative statistics of both 1 5 0 assemblies as well as the reconciled assembly. For N50 computations, we used a genome 1 5 1 size estimate of 377,689,190 bp, equal to the total size of scaffolds of the final reconciled 1 5 2 assembly. different pathogen race specificities but also between resistance genes that recognize 4 0 0 completely different pathogens [56] . Considering CGS-Xo1 11 and Nb-Xo1 4 , the results 4 0 1 also suggested that the zfBED domain can be identical between functional and non- resistance that has been the basis of a simple, seed staining assay for breeders to track the 4 0 6 resistance genes in some crosses. Our study illustrates the feasibility and benefits of high quality, whole genome 4 0 8 sequencing using long-and short-read data to resolve and characterize individual, Illumina HiSeq2500 lane and two ONT MinION flowcells. Because long-read 4 1 2 sequencing technologies and base-calling continue to improve, it seems likely that high 4 1 3 quality assemblies from long-read data alone will become routine. The long-read data 4 1 4 enabled us to identify and characterize the expansion of NLR genes at the Xo1 locus. Such presence/absence variation across genotypes is hard if not impossible to determine definitively by only short-read sequencing. The long-read data, with short-read error 4 1 7 correction, also allowed us to define the number and sequences of nearly identical repeats 4 1 8 in the Xo1 gene candidate CGS-Xo1 11 and genes like it in Carolina Gold Select. Indeed, 4 1 9 we caution that, in short-read assemblies, sequences of CGS-Xo1 11 homologs and other 4 2 0 such repeat-rich genes, or repeat-rich intergenic sequences, should be interpreted with 4 2 1 care, due to the possibility of artificially collapsed, expanded, or chimeric repeat regions. the results to produce an initial contig/scaffold assembly of the genome, CG_RICE_0.9. In reconciliation we followed the procedure described in [73] . We merged the contigs errors is the total number of bases in error variant calls, and the error rate is computed as 4 9 4 total number of errors divided by the sequence size. Following the completion of the assembly, we used the Nipponbare rice reference 4 9 6 genome IRGSP-1.0 (NCBI accession GCF_001433935) [41] to order and orient the 4 9 7 assembled scaffolds on the chromosomes using the MaSuRCA chromosome scaffolder We annotated the 12 assembled chromosome sequences by aligning the transcripts from aligned the DNA sequences of these transcripts to our assembled chromosomes using assembled chromosomes, we extracted the transcript sequence using gffread 5 1 0 (http://ccb.jhu.edu/software/stringtie/gff.shtml) and aligned it with the protein sequence 5 1 1 from the IRGSP annotation to identify the correct start and stop codon locations. These protein-to-transcript sequence alignments were performed using blat [80], followed by a Three-week old Carolina Gold Select seedlings grown under the conditions 5 2 0 described above were syringe-infiltrated with an OD 600 0.4 suspension of African Xoc 5 2 1 strain CFBP7331 carrying a plasmid-borne copy of the truncTALE gene tal2h or empty infiltration, before the hypersensitive reaction manifested for CFBP7331 with empty vector. The experiment was repeated three times. RNA was extracted from the replicates 5 2 6 with the QIAeasy RNA extraction kit (Qiagen) and submitted to Novogene Biotech for 5 2 7 standard, paired-end Illumina sequencing.
2 8
For Nipponbare, previously generated RNAseq data was used (Accessions 5 2 9 SRX978730, SRX978731, SRX978732, SRX978723, SRX978722, and SRX978721, 5 3 0 Short Read Archive of the National Center for Biotechnology Information). These data were generated from leaf tissue collected 48 hours after inoculation with CFBP7331 [47]. Carolina Gold Select. The additional sequences on each end were included in an effort to 5 3 8 capture the entire transcript while avoiding transcripts for any genes encoded nearby. To were compared to previously annotated NLR genes using BED-tools intercept [83] . Encoded NB-ARC domains for all Nipponbare and Carolina Gold Select NLR genes and 5 4 9 for the additional rice NLR genes were extracted using NLR-Annotator and aligned using Integrated domains outside of the canonical NLR gene structure were detected by 5 5 5 running the NLR-Annotator-identified genes plus the 5 kb 5′ and 5 kb 3′ flanking were also excluded. Self-comparison dotplots were used to determine whether NLR-Annotator- identified genes in Nipponbare and Carolina Gold Select contain nearly identical repeats.
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